Abstract. We present the first internally consistent calculation which leads to a narrow 'conduit' of rapid vertical advection and melting of mantle under a spreading center. In this model, mantle flow is driven by plate separation and compositional buoyancy. Melt segregation is described as flow through a permeable media. The major new feature is that the viscosity of the mantle is considered to be a strong function of the amount of partial melt present. Experiments show that the bulk viscosity of a partially molten rock is sharply reduced when the melt fraction exceeds a critical value. In the model, the viscosity is reduced as the critical melt fraction is approached. Whether or not a critical melt fraction can be reached under a spreading center depends on the mantle permeability for melt flow. The width of the upwelling area is controlled by the magnitude of the melt related viscosity reduction.
Introduction
Several observations indicate that the region of melt emplacement and crustal thickening is very narrow at a midocean ridge. Seismic data show that the crust attains its full thickness within less than 5 km of some fast spreading centers [Derrick et al., 1986] . Here, it is assumed that the seismic thickness equates with the thickness of basaltic crust. Topography at slow spreading ridges makes it more difficult to constrain crustal thickness using seismic data. However, the generally assumed that the rate of melt flow is large relative to typical mantle flow rates, which are thought to be on the order of plate velocities. This results in very little melt being retained in the mantle even though the degree of melting may be large.
Combining melting relations with models of mantle flow driven by plate separation allows calculation of the location of significant melting and the width of the region of crustal accretion under a spreading center. A major result of this type of model is that the distance over which significant crustal thickening occurs is directly proportional to the spreading rate. For a slow spreading ridge, with a half spreading rate less than 1 cm/yr, the crust would be largely formed within 10-20 km of the ridge crest. However, for a half spreading rate of 5 crn/yr the crust would still be thickening 50 km from the ridge crest.
There is a large difference between observations of the width of the zone of melt emplacement at a spreading center and what is predicted by simple models. Several mechanisms have been suggested in attempts to resolve this paradox, each involving either concentration of the flow of melt toward a mid-ocean ridge or concentration of the mantle upwelling there. In the first class of models, partial melting occurs over a wide region of the mantle, but the melt is drawn to the ridge by non-hydrostatic pressure gradients, as first proposed by Sleep [ 1974] A second type of model examines ways to focus upwelling mantle into a narrow zone. Rabinowitz et al. [ 1987] suggest that the buoyancy of the melt/residuum combination compared to unmelted mantle will focus flow under a ridge. Scott and Stevenson [ 1989] have studied the effect of buoyancy driven circulation in a numerical model of plate driven constant viscosity flow and melt migration. They find some focusing of the upwelling region and therefore of the melt production, particularly at slow spreading rates. We have investigated this mechanism for a temperature dependent viscosity which naturally gives rise to a thickening lithosphere. We find that the upwelling and significant melting under a fast spreading 6•42 Buck and Su: Focused flow and melting under MORs ridge is not concentrated strongly due to the buoyancy of the melt/residuum combination; crust thickens appreciably out to 50 km away from the spreading center. This is a far wider crustal accretion zone than required to match the observations at fast spreading centers. In this paper, we consider a new mechanism which, when combined with the effects of buoyancy, can lead to an extremely narrow zone of melting below a spreading center.
Viscosity and Partial Melting
The new mechanism we incorporate into our models is that the viscosity of the mantle is a strong function of the melt fraction present, when melt fractions are large. The presence of small amounts of partial melt (<10%) may enhance diffusion controlled creep by allowing more rapid pressure solution of the crystalline matrix and precipitation in areas of low stress. Laboratory measurements on peridotites indicate that the viscosity is reduced by less than an order of magnitude by this effect [Cooper and Kohlstedt, 1984] . When melt fractions are larger, the viscosity can become dominated by melt lubricated grain sliding [Arzi, 1978] . No laboratory work has been done on ultramafics, but studies of granite partial melts indicated that the critical melt fraction for a large viscosity reduction may be as low as 20% [Auer et al., 1981 ] . The viscosity of a crystalline mush with greater than critical melt fraction could be many orders of magnitude lower than for material with viscosity that is dominated by diffusion or dislocation creep. The upwelling velocity under a ridge for simple plate driven flow models [e.g. Spiegelman and McKenzie, 1987] is roughly equal to the plate spreading velocity. Spreading velocities range from just under 1 cm/yr to nearly 10 cm/yr [Macdonald, 1982] . Thus for our estimated value of v r of about 1 cm/yr our one dimensional model predicts that melt fractions greater than 20% would be produced under ridges. We, therefore, expect that the viscosity of the sub-ridge partially molten mantle may be sharply reduced relative to unmelted mantle.
Two-Dimensional Flow Model
To show the effect of viscosity breakdown on the pattem of flow under a mid-ocean ridge, we carried out the following This mechanism of mantle flow and melt segregation may affect the topography of a ridge. A buoyant, narrow, low viscosity upwelling or conduit will produce normal stress variations at the top of the asthenosphere which should be reflected in the topography of a spreading center. Also, the conduit may not be the stable flowing region shown in these calculations. Local instabilities within the conduit may lead to the formation of diapirs which periodically sweep through the conduit. We will consider these effects in future work.
